In this study, we have used a technique designed to target short fragments containing informative mitochondrial substitutions to extend the temporal limits of DNA recovery and study the molecular phylogeny of Ursus deningeri. We present a cladistic analysis using DNA recovered from 400 kyr old U. deningeri remains, which demonstrates U. deningeri's relation to Ursus spelaeus. This study extends the limits of recovery from skeletal remains by almost 300 kyr. Plant material from permafrost environments has yielded DNA of this age in earlier studies, and our data suggest that DNA in teeth from cave environments may be equally well preserved.
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INTRODUCTION
When DNA from prehistoric tissue was introduced as a genetic source material to the scientific community, a possibility to study evolutionary processes seemed realistic. Attempts were also made to extract DNA from geological material (Cano et al. 1993; Woodward et al. 1994) , and contemporary authentication criteria seemed to support some of these results (Bada et al. 1994) . However, when higher stringency was applied to these types of study, it became evident that several of the oldest DNA sequences were based on contaminating DNA (Zischler et al. 1995; Austin et al. 1997) . Most ancient DNA sequences that have been thoroughly authenticated are less than 100 000 years, with only a few exceptions (Loreille et al. 2001; Willerslev et al. 2003) . The number of copies should increase with decreased fragment size, as DNA in ancient tissue is degraded (Smith et al. 2003; Noonan et al. 2005) . Therefore, it may be possible to extend the age limit of amplifiable DNA by targeting short fragments. Further, by selecting specific informative point mutations, it may be possible to apply evolutionary questions to DNA from fossils of great age. We investigate this possibility here by extracting and amplifying specific polymorphic sites in cytochrome b from bear material (Ursus deningeri ) excavated from the Atapuerca cave complex in northern Spain, a site from which younger prehistoric material has yielded DNA (Anderung et al. 2005) .
Ursus deningeri was a part of the Pleistocene European Ursidae family represented by two main evolutionary lineages, one resulting in the extant brown bear (Ursus arctos) and the other leading to the cave bear (Ursus spelaeus). These two lineages diverged in Eurasia about 1.2 million years ago (Loreille et al. 2001) , and their common ancestor has been suggested to be the so-called Etruscan bear, Ursus etruscus (Soergel 1912) . Ursus dolinensis has been recently suggested to represent the earliest member of the speleoid lineage (García & Arsuaga 2001) . Ursus deningeri is first recognized in the European fossil record at around 600 kyr ago, and lasts until the Late Middle Pleistocene (García et al. 1997 ) when U. spelaeus appears. This latter species went extinct at approximately 12 kyr (BP) (Kurtén 1968) . Cave bears are thus believed to have evolved as a single, unbroken lineage U. dolinensis-U. deningeri-U. spelaeus (García & Arsuaga 2001) . To investigate the possibility of using molecular data from Middle Pleistocene mammals, we have focused on the genetic relationship between U. deningeri and U. spelaeus.
MATERIAL AND METHODS
A total of 25 bear samples from five different well-studied Pleistocene fossil sites in Europe were analysed (figure 1). The U. deningeri samples (nZ5) were recovered from the Sima de los Huesos site in the Sierra de Atapuerca (García et al. 1997) , and date to approximately 400 kyr (Bischoff et al. 2003) . The site is located at a depth of 25 m below the present ground surface, with conditions of constant humidity and temperature (11 8C). The U. spelaeus samples analysed were recovered from: (i) Late Middle Pleistocene (ca 230 kyr old) or Early Upper Pleistocene (ca 120 kyr old) travertines of Ehringsdorf (Weimar), Central Germany (nZ1; Kurtén 1975; Kahlke et al. 2002) ; (ii) 30-kyr-old sediments of Vindija cave, Croatia (nZ6; Smith et al. 1999) ; and (iii) the undated Upper Pleistocene site of Coro Tracito cave, Pyrenees, Spain (nZ3; Torres et al. 1998) . In addition, a set of U. arctos samples, originating from the Ehringsdorf (Weimar) travertine sequence (from ca 220-110 kyr) and the last interglacial travertine sands of Taubach (Weimar; nZ10; Kurtén 1977) of around 120 kyr, was analysed.
DNA in prehistoric material is present in minute amounts and highly fragmented (Hofreiter et al. 2001) . Since the probability of amplifying short fragments of DNA is likely to be higher than the amplifying longer fragments (Smith et al. 2003; Noonan et al. 2005) , genetic markers were selected to be short and specific for bear mitochondrial polymorphisms from the cytochrome b gene that could differentiate among three different species of ursids: U. arctos, U. spelaeus and U. americanus. As we aimed for minimal amplicon size, primer sites were always less than 6 bp upstream and downstream from the polymorphic site. DNA was extracted from the material with a phosphate buffer, and purified and concentrated with a hybridization/magnetic separation technique (Anderung et al. 
RESULTS
A total of 20 individuals yielded DNA (see electronic supplementary material) and five of them yielded all the 16-targeted polymorphisms in cytochrome b. From two of the oldest samples, 400 kyr old U. deningeri (Bischoff et al. 2003) , we were able to pyrosequence all 16 polymorphisms (the remaining three yielded DNA, but not all targeted sites). Seven of the U. spelaeus samples yielded DNA, three of them yielded the same information from cytochrome b as U. deningeri or more. For the Ehringsdorf and Taubach U. arctos samples, we were able to pyrosequence up to 13 polymorphic sites. When the genetic data were compared with previously published Ursus sp. sequences, the phylogenetic tree gave strong support for the placement of U. deningeri together with U. spelaeus (figure 1).
DISCUSSION
Owing to the non-overlapping chronological ranges of U. deningeri and U. spelaeus, there are two possible hypotheses regarding the evolutionary relationship between them. First, they could be sister species, that diverged about 600 kyr ago. Second, U. deningeri could be the direct ancestor of U. spelaeus. Obtaining DNA sequences from both species using samples collected close to the transition period should allow these two hypotheses to be tested. Although U. deningeri and U. spelaeus had identical DNA sequences, it is likely that the total sequence length (41 bp) obtained in this study is insufficient to resolve these two hypotheses. Additional sequence data including more polymorphic sites, e.g. variable within U. spelaeus, would be needed.
Authentication followed the standard rules (Cooper & Poinar 2000) . The work was carried out in a new ancient DNA laboratory, where no DNA work (ancient or modern) had been undertaken. Replication was carried out in an ancient DNA laboratory, where there had been no previous work with bear DNA. When the replication was carried out, ancient samples of elephant (Loxodonta africana) and lemming (Lemmus sibiricus) were included as negative controls. These did not produce bear sequences, but did give appropriate results when targeted with appropriate species-specific primers. Further, the U. deningeri samples did not produce amplicons with the elephant-and lemmingspecific primers. A non-random degradation pattern has been suggested to be a problem in ancient DNA (Gilbert et al. 2003; Banerjee & Brown 2004) . The similarity between recent and the ca 220-110 kyr old U. arctos in this study indicates that the sequences obtained from U. deningeri are not non-randomly degraded U. arctos fragments. Since the minimal fragment sizes targeted could not be efficiently quantified with real-time PCR (real-time PCR techniques demand larger fragments), we based sequences and reactions on a minimum of three extractions (with the exception for some of the younger U. arctos that were only extracted twice).
Targeting short DNA fragments appears to be a powerful tool when working with highly degraded DNA. Using this technique, we were able to retrieve genetic information from 400 kyr old U. deningeri samples. Typing polymorphic sites in short mitochondrial fragments may yield access to genetic data on other Middle Pleistocene animals in a similar fashion.
